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MYJIbTHJIEBEP .ZyLH CKAHHPYIOlHErO nPHEOPA, 

cnocoB Ero co3mhmw 

H 

YCTPOHCTBO HA ETO OCHOBE 

rHsaprH30B E.H., rHBapnnoB M.E. 

OEJIACTb TEXHHKH 
Hacroamee H3o6pereHHe othochtch k MaTepHajiOBcaeHHio, b oco6eHHOCTH k 

3JieKTpOHHOMy, B MaCTHOCTH K MHKp03JieKTpOHHKe, K npeUH3HOHHOMy HHCTpyMeHTapHK) /tfW 

HayHHbix h npoH3BOflCTBeHHO-TexHOJiornHecKHX HccneflOBaHHfi. Bojiee KOHKpeTHO, aaHHoe 
H3o6peTeHHe othochtca k KOHCTpyicuHH h cnoco6y iraroTOBJieHHfl KaHmneBepa - aepacaTens 
yjibTpaTOHKoro, yjibTpaTBepaoro ocTpna ana cKaHHpyiomeH mhkpockoiihh : ycTpoficTBa, 
Hcnojib3yeMoro b MerpojiorHH h TexHOJioraH cy6-100 HaHOMCTpoBBix sjieKTpoHHbix 
npH6opoB h b HayKe ana o6HapyaceHHa h H3MepeHHa aTOMHbix h hhmx can, B03HHKaK>iu,Hx 
npH B3aHMOfleHCTBHH Ten c pa3MepaMH h Ha paccToaHHsx, npH6jii©KaiomHxca k aTOMHMM. 

TaioKe flaHHoe H3o6pereHHe Moacer 6brn> HcnoJib30BaHO b jnrrorpa^HHecKHX 
npoueccax. 

nPEfllllECTByiOIUHfl yPOBEHB TEXHHKH 

CKaHHpyHDmHH TyHHejibHbiH MHKpocKon (CTM) - 30HflOBbiH npH6op, cnoco6HMH 
co3aaBaTb H3o6paaceHHa TBepawx noBepxHOCTeii c bwcokhmh JiHHefiHWM h 
npocTpaHCTBeHHWM yBejiHieHHHMH. 3to aocTHraeTca c noMombio yjibTpaTOHKoro ocrpHa 
(30naa), nepeMemaeMoro Ha Manbix (aTOMHbix) paccroaHHax ot HccneayeMbH noBepxHOCTH 
nyreM peracrpauHH TyHHejibHoro TOKa, npoTeKaiomero Meayry yica3aHHbiMH ocrpHeM h 

nOBepXHOCTbK). 

Atomho-chjioboh MHKpocKon (ACM) - CKaHHpyiomHH 30HjoBbiH npH6op, 
BKHioMaiomHH KaHTHJieBep, cojiepHcamHH aepacaTeJib, jieBep (punar, BbiCTynaiomHH H3 
aepacaT&na KaHmneBepa) h 3onn. aTOMHbix pa3MepoB, pacnanoaceHHuii Ha jieBepe. ACM, b 
kotopom ocymecTBJiaerca B3aHMoaeftcTBHe 30Haa c HccnejryeMOH noBepxHocrbio 

4>H3HMeCKHMH CHJiaMH pa3JIHHHOH npHpOflbl (HanpHMep BaH-Aep-BaaJIbCOBblX, KyjIOHOBCKHX 

h op.), 4>opMHpyeT H3o6pa»ceHHe stoh noBepxHOCTH 3a cmct perHCTpauHH otkjiohchhh 
jieBepa ot HcxoflHoro nojioaceHHa. 

JJnn oieMceHHa 3a oTmioHeHaaMH 30Hfla npH ero B3aHMOfleHCTBHH c noBepxHOCTbK) 
HccjieayeMoro MaTepnana Hcnojib3yiOT pa3JiHHHbie MeTOflbi [1]: oTpaaceHHa JuoepHoro jiyna 
<S>w. 1A; HHTep4>epeHUHH bojih Our. IB; H3MeHeHHH b&jihhhh eMKOcra Meayry jieBepoM h 
6jiH3JieacaiaeH HenoflBHHCHOH nnocKOCTbio, a TaioKe c Hcnojib30BaHHeM Merojia 
nbe3ope3HCTHBHOCTH Out. 1C. 

B [1] npejxjiaraeTca jtocraTOHHo npoHBHHyraa KOHCTpyiawa KaHmneBepa, a TaioKe 
cnoco6a perHCTpauHH h o6pa6oTKH nonynaeMbix carHajioB. ConiacHo [1], b «kicthocth, 
npejuiaraeTca ycrpoHCTBO, KOTopoe ocHOBaHO KpoMe Toro, hto ocHOBaHO Ha H3MepeHHH 
H3M6HeHHH eMKOCTH Meayry neBepoM h 6nH3JieMcameH HenoflBKacHoft iuiocKOCTbio, eiue 
BKiiioHaeT b ce6a sjieMeHTbi KOHTpojinpyeMoro B03,aeHCTBHa Ha JieBep nepe3 
aneicTpocraTHHecKoe B3aHMOAeficTBHe Memory yKa3aHH0H HenoflBHSKHOH iuiocKOCTbio h 
jieBepoM (Oar. 2). B yica3aHH0M cjiynae peuiaioTca TpH ocHOBHbie 3aaaHH: 

noaaMH pe30HaHCHbix moa Ha JieBep npn ero pa6oTe B peacHMe «TaHiiHHr»-Mojibi 
(taping mode); 

3/ieicrpocTaTHHecKOH noaaMH (oTBoaa) KaHmneBepa; 

KOHTponb 3a OTKJioHeHHeM jieBepa nepe3 yKa3aHHoe Bbiuie H3MepeHHe cmkocth. 
O^HaKO b pflfle cjrynaeB, oco6eHHO b npn pa6oTe b peacHMe ToneHHoro 
CKamipoBaHHH chji aare3HH, OHeHb BaacHbiM aBjiaerca cnoco6Hocn> ycrpoHCTBa 
o6ecneHHBan> 6ucTpoe 3aTyxaHHe Hepe30HaHCHbix Kone6aHHfi, ycnoKaHBan> neBep ana ero 
flajibHeraiiero B3BHMojieMCTBHa c HCcncnyeMOH noBepxHocrbio. HajiHHHe Taxoro cBOHCTBa 



ycTpoficTBa, a raioKe cooTBercTByioiitefi KOHCTpyiowH KaimtneBepa MoaceT npHBecra k 
3HaHHTejibHOMy coKpameHHK) (3-5 pa3) BpeMeHH CKamipoBaHHa HccnenyeMoft noBepxHOCTH. 

Hapajry c peiueHHeM b {1] yica3aHHbix Bbime 3anaH, b HacToaiueM H3o6peTeHHH 
npeflJiaraerca o6ecnenHTb ycTofiHHByio h 6bicTpyro pa6oTy CKaimpyiomero ycTpoflcTBa b 
jiK>6bix peacHMax ero pa6oTbi. H3-3a Majiofi CKopoc™ cnaHHpyiomHe ycTpoficTBa He HaxoaaT 
uiHpoKoro npHMeHeHHJi b npoMbiuuieHHOCTH. IlpHHUHn MHoro30HflOBoro «MHKpo-myna» 
Hcno^b3yercs aocTaTOHHO iuhpoko [3]. HeflocraTKOM TaKofi chctcmm flanaerca to, hto 

C03flaHHe KapTpHflHCa C HHTerpHpOBaHHblMH CHCTeMSMH JieBepOB, MyjlbTTUUieKCOpOB, 

onepauHOHHbix ycHJiHTejiefi h apyrux sjieMeHTOB ynpaBJieHHa/KOHTpojia, npeflCTaBJiaerca 
HepaiwoHajibHbiM h /joporocToawHM. 

B HacToameM H3o6peTeHHH npezyiaraeTca paiwoHajibHaa KOHCTpyxmM 
MyjibTuneBepa h Hefloporofl cnoco6 ero co3,aaHHa. 

CYmHOCTB H30BPETEHHH 

B HacroameM H3o6peTeHHH npejyiaraerca ocTpHHHas crpyicrypa, BKjnonaioiHaa 
nojuioaocy h MOHOKpHCTaiuiHMecKoe ocTpne, npHneM ocb ocrpHa MoaceT mm en yroJi no 
OTHOiueHHK) k BepTHKajiH, npoxo/jawefi nepe3 ero ocHOBaHHe. B yica3aHHOM cjiynae 
no/woaocofi mtokct asjiaTbca ruiocKaa noBepxHOCTb, b tom HHCJie h MOHOKpHcraruiHMecKaa, 
hjih MOHOKpHcraLnjiHHecKoe ocrpHe, snHTaKCHajibHoe ruiocKofi MOHOKpHCTajuiHHecKofi 
nosepxKOCTH. BosMOHcHbi cjiyMan, Koraa onHa TOHKa nojuioacKH aBJiaerca ocHOBaHHeM no 
KpafiHefi Mepe ana flByx ocTpHfi, npw stom ocTpHe MoaceT HMeTb <J>opMy, coflepacauryio no 
KpafiHefi Mepe o,mry cryneHb h HBa 3BeHa, npnneM ocb Kaacaoro nocjie/xyiomero 3BeHa 
MO*er HMeTb cboh yron no OTHOiueHHK) k och npe/wiecTByioiuero 3BeHa. XoTa 6w oflHa H3 
CTyneHeH MoaceT aBJiaTbca ocHOBaHHeM no Kpaimefi Mepe juih ziByx 3BeHbeB, npnneM no 
KpafiHefi Mepe ojwo H3 hhx MoaceT 6brn> He snHTaKCHajibHO npejwiecTByiomeMy. 

TaioKe b HacToameM H3o6pereHHH npejuiaraerca cnoco6 co3aaHHa ocrpHfiHofi 
cTpyirrypbi nyreM HanpaaneHHoro BbipaiuHBaHH* (k&k snHTaKCHajibHoro, TaK h 
HeanHTaKCHanbHoro) ocrpHa no MexaHH3My nap-HCHaKOCTb-KpHCTajiJi Ha no/jjioacKe npH 
ocaacoeHHH H3 napo-ra30Bofi h/hjih ra30Bofi CMecH c Hcnojib30BaHHeM no KpaHHefi Mepe 
o^Horo MerajiJia-pacTBopHTejia npmeM BbipauiHBaioT ocTpHHHyio CTpyicrypy b Bnae ocTpna 
raK, hto ocb ocTpHU HMeer yroji no OTHOiueHHK) k BepTHKajiH, npoxazmmefi nepe3 ero 
ocHOBaHHe. IlpH HanpaBJieHHOM BbipamHBaHKH ocrpHa He snHTaKCHaJibHO noanoHCKe b Hefi 
Moamo co3flaTb yrjr/6jieHHe. flpHMeM 3TO ynnyojieHHe MoaceT HMeTb <J>opMy, 
cooTBeTCTByiouryio KpHCTajworpaijiHHecKofi CTpyKType MarepHana, H3 KOTOporo 
BbipautHBaioT ocnpHe. B KanecTBe nofljioaocH MoaceT 6brn> Hcnojib30BaHa 
MOHOKpHCTanjiHiecKaa ruiacTHHa, onpeaeneHHO opHeHTHpoBaHHaa no 
KpHCTaJin orpa<J)HH ecxofi njiocKocTH, no3BOJiaiomafl nojryneHHe octphhhoh CTpyicrypbi b 
BHfle ocTpHH, 3nHTaKCHanbHoro 3Tofl nnacTHHe h noa yrnoM k ee noBepxHOCTH. B KanecTBe 
noflnoaocH Moacer 6brn> HcnoJib30BaHO MOHOKpHCTaanHMecKoe ocrpHe, 3nHTaKCHajibHoe 
oiiockoh MOHOKpHCTaJuiHHecKOH noBepxHOCTH. nyreM H3MeHeHna TeMnepaTypw 
BbipamHBaHH* h/hjih H3MeHeHHs KOHuempauHH coeAHHeHHH b napo-ra30BOH hjih ra30Bofi 
CMecH h/hjih aaBJieHHH napo-ra30BOH CMecH hjih ra30BOH CMecn h/hjih nyTeM /jo6aBJieHHa 
no KpaHHefi Mepe o/iHoro HHoro MerajiJia-pacTBopHTejia h/hjih ero HcnapeHHa corjiaCHO 
HacToamero H3o6pereHHa co3iiaiOT ocTpHfiHyio CTpyicrypy BbiuieonHcaHHbie CTpyicrypbi. 
riocjie BwpamHBaHHa Taicace Moacer 6brn> npoBe^eHa fln4>({)y3Ha b MaTepHaji octphhhoh 
CTpyicrypbi no KpafiHefi Mepe oaHoro xHMHHecKoro ajieMeHTa c coxpaHemieM crpyKrypbi no 
KpafiHefi Mepe OiiHoro MeTajuia-pacTBopHTeJia. Elocjie nojiyneHHa octphhhoh crpyKTypbi ee 
b cooTBeTCTBHH c HacTOHmHM H3o6pereHHeM ee MoacHO norpy3HTb b aMop(J)Hbifi MaTepuan, 
nocjie nero nojiyneHHyio CTpyicrypy oniuiH(|)OBaTb BMecrre c no KpafiHefi Mepe oahoh 
BepuiHHofi ocrpHfiHofi CTpyicrypbi bp noJiyneHHa njiocKOfi noBepxHOCTH, nocjie nero 
aMop4)Hbifi MaTepHan Moacer 6bm> BbrrpaBJieH, npH 3TOM nocjie BbrrpaBjiHBaHHa aMop4)Horo 
cjioa TaioKe MoacHO npoBecTH ziH4)4>y3HK> no KpafiHefi Mepe oahoto XHMHHecKoro sjieMeHra b 
MaTepHan ocrpHfiHofi crpyicrypbi h/hjih no KpafiHefi Mepe b ohhh MeTajui-pacTBopHTejib. 
riocjie onncaHHbix Bbime npoue^yp nyreM CTpaBJiHBaHHa flH(|)({)y3HOHHoro cjioa, 
OT^^yHUHpoBaBiuero b MaTepnaji no KpafiHefi Mepe oflHoro MeTajuia-pacTBOpHTejia, Moaoio 



ynanHTb no KpaftHefi Mepe oahh Meraan-pacTBopHTejib. TaioKe Ha bck> noBepxHocn> mojkho 
ocymecTBHTb HanbineHHe no KpaKHefi Mepe oAHoro XHMHHecKoro 3JieMeHTa. IlpHHeM nyreM 
CTpaBJiHBaHHa AH<J><i>y3HOHHoro cnoa c noBepxHOCin octphhhoh crpyKTypw hjih 
BbnpaBJiHBaHHH aMopiJmoro cnoa motkho yaajiHTb Maerb HanbUieHHoro XHMHHecKoro 
3JieMeHTa c ero coxpaHemieM no KpaHHeii Mepe Ha oahoh BepuiHHe. Ilocjie paAa yKa3aHHbix 
Bbiuie npoueayp corjiacHO HacToaweMy H3o6peTeHHK> mojkho ocymecTBHTb snirraKCHajibHoe 
BbipaiuHBaHHe octphhhoh CTpymrypbi, npHMeM nyreM H3MeHeHHa TCMnepaTypbi 
BbipaiUHBaHHJi h/hjih H3MeHeHRH KOHu.eHTpau.HH coeflHHeHHH b napo-ra30Boii HJIH ra30B0H 
CMecH h/hjih flaBJieHHa napo-ra30Boii cMecH hjih ra30Bofi CMecH h/hjih nyreM Ao6aBjieHHH 
no KpaHHefi Mepe oahoto HHoro Merajuia-pacTBopHTejifl h/hjih ero HcnapeHHa mojkho 
co3,aaTb ciyneHb h/hjih njiocicyio njioiuaAKy no KpaHHeii Mepe Ha oahoh BepumHe, nocjie 
nero MOJKeT 6brn> ynaneHa 3aKpHcrajiJiH30BaBiiiaaca nio6yjia. H HaKOHeu, no KpaftHeii Mepe 
oflHa H3 npouejjyp, onHcaHHbix Bbiuie, MOSKer 6bm. Hcnonb30BaHa no KpaHHeft Mepe ewe 
oahh pa3. HHas KOHCTpyioiHa KaHmneBepa ana cKaHHpyiomero npnGopa TaioKe 
npeflnaraercfl b HacroaiueM H3o6pereHHH. Oh coAepacHT no KpaflHeii Mepe ABa 
nepeijyiomHxcfl njiocKonapajuieJibHbix cnoa npoBOAfluwx MaTepHanoB, pa3flejieHHbix 
HenpoBazwmHMH cjiohmh, no KpaHHeii Mepe oflHy H3rH6aioiiryK>ca nacTb - jieBep, 
BbinojiHeHHWH H3 nepBoro npoBOAHiuero cjioh, 30ha, pacnonojKeHHHH Ha jieBepe, no 
KpaHHeii Mepe oahh sneicrpoA - nacTb BToporo npoBOAamero cnoa, pacnojioaceHHaa baojib 
jieBepa c npoTHBonoJiojKHoii othochtcji bHO 30HAa CTopoHbi, h 3a3op Mexjry JieBepoM h 
sjieiopoAOM, sjieicrpoA coflepjKHT cpeflCTBO jana noAaaneHHa He pe30HaHCHbix KOJie6aHHfi 
JieBepa, aBJunomeeca chctcmoh c oGpaTHoft CBa3bK>. IlpH 3tom 30ha Moacer 6brrb BbinojiHeH 
b BHae onHcaHHOH Bbiuie octphhhoh CTpyicrypbi. TaioKe sjiempoa MoaceT coAepacaTb 
cpeACTBO KOHTpojia OTKJioHeHHfi jieBepa h/hjih cpeACTBO npHHyjiHTejibHoro OTKJioHeHHa 
JieBepa ot nepBOHaMajibHoro ero noJioaceHHa h/hjih cpeACTBO MOJjyjiauHH pe30HaHCHbix 
KOJie6aHHH jieBepa. C npoTHBonojiOKHOH ot nepBoro aneicrpoAa CTopoHbi jieBepa mojkct 
6biTb pacnojio>KeH BTopon 3JieKTpoA, BbinojiHeHHWH H3 aonoJiHHTejibHoro npoBoaamero 
cnoa h co;j.ep>KamHH cpeacTBo Kompojia OTKjioHeHHH JieBepa h/hjih cpeACTBO 
npHHyflHTeJibHoro onoioHeHHa JieBepa ot nepBOHanajibHoro ero noJioKeHHa h/hjih cpeAcrao 
MoayJiauHH pe30HaHCHbix Kone6aHHH Jieaepa h/hjih cpe/icTBO ajih noAaBJieHHa He 
pe30HaHCHbix KOjie6aHHH JieBepa, aBJiaiouieeca chctcmoh c o6paTHOH CB»3bio. MejKay 
JieBepoM h no KpaHHefi Mepe oahhm sjieicrpoAOM MOHceT HMen>ca 3a3op, npHMeM 3tot 3a3op 
MoaceT 6biTb 3anoJiHeH hchakhm hjih nnacTHHHbiM MarepHanoM, no3BOJiaiomHM B3aHMHoe 
CMemeHHe JieBepa h sjieicrpoaa Apyr OTHOcHTejibHO apyra. HapaAy c BbiiuecKa3aHHbiM, 
JieBep MoaceT HMerb 11- o6pa3nyio h/hjih V-o6pa3Hyio <J>opMy h/hjih npoAOJibHyio nojiocTb, 
npHMeM JieBep HMeeT nbe3ope3HCTHBHWH cjioh h/hjih nojrynpoBoiJ,HHKOByK) nneHicy, 
jierHpoBaHHyio no ypOBHa p++. IlneHH JieBepa, pa3ij,ejieHHbie npoiiojibHoii o6nacn>io, Moryr 
HMCTb JiernpoBaHHbie cjioh npoBOAHMOCTH rana n, n + , p, p + , npH stom ohh aBJiaioTca 

"COOTBCTCTBeHHO CTOKOM H HCTOKOM CHCTCMbl KOHTpOJia OTKJlOHeHHH KaHTHJieBepa, npHMeM 

ohh pa3jjejieHbi ynacTKOM JieBepa c hhoh npoBOAHMOCTbio, h oahh H3 sjieicrpoAOB 
BbinonHaeT 4>yHKUHio 3aTBopa, aBJiaacb cpeACTBOM KOHTpojia. 

CKaHHpyioiuHH npn6op coAep>KHT KaHTHJi eBep, npHMeM nocJieAHHfi HMeeT oAHy H3 
KOHcrpyKUHH, onncaHHbix Bbiuie. B cKaHHpyiomeM npnSope corjiacHO HacToamero 
H3o6pereHHa oahh sjieicrpoA moskct 6biTb pacrioJioaceH no KpaHHeii Mepe baoju. AByx 
AeBepoB. IlpeAycMOTpeHHaa b tskom npn6ope cHCTCMa KOHTpojia oncjiOHeHHa JieBepoB 
MOJKeT npeACTaBJiaTb co6oh CHcreMy perncTpauHH H3MeHeHHH eMKOCTH MeacAy JieBepoM h 
aneicrpoAOM h/hjih ao6pothocth Komypa, BKraonaiomero hx eMKocTb, npHMeM ajih Ka>Kfloro 
JieBepa Bbi6paHa CBoa KOHipojibHaa MacTOTa. B CKaHHpyiomeM npn6ope no KpafiHefi Mepe 
ABa sjieicrpoAa Moryr 6bm> pacnojiojKeHbi BAOJib oahoix) JieBepa. CHCTCMa KOHTpojia 
oncnoHeHHa JieBepoB mojkct npeACTaBAaTb co6oh cHCTeMy perncrpauHH H3MeHeHHH 
eMKOCTH Meaory rmeMaMH JieBepa, pa3AeAeHHoro npoAOJibHofi o6AacTbio s h sjieinpoAOM, 
npHMeM Ana KOHTpojia BpameHRs jieBepa OTHOcHTejibHO npoAOJibHofi och Ana KaacAoro H3 
ruieM JieBepa, Bbi6paHa CBoa KOHTpojibHaa MacTOTa. 

TTpeAJiaraeTca cnoco6 H3roTOBJieHHa KaHmneBepa jum cicaHHpyioutHX npn6opoB, 
BKJiiOHaiomHH co3AaHHe KOMno3HUHOHHofi njiacrHHbi, cocroauiefi no KpaHHeii Mepe H3 AByx 
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Hepe/tyiomHxc* imocKonapajuienbHfcix cjioeB npoBOflaiUHx MaxepHajiOB, pa3^ejieHHbix 
HenpoBOAfliuHMH cjiojimh, (popMHpoBBHHe H3 nepBoro npoBOfl«mero cjioh no KpafiHefi Mepe 
oflHoro JieBepa h co3.n.aHHJi Ha JieBepe 30Haa, raicHM o6pa30M, hto H3 BToporo npoBojurmero 
cjioh (J)opMHpyioT sjieinpoji, pacnojioaceHHbifi B/jojib neBepa c npoTHBonojiojKHofi 

OTHOCHTeJIbHO 30Hfla CTOpOHbl. IlpH 3TOM yKa3aHHblfi 30Hfl MOXCCT 6bITb BbinOJIHeH B BHfle 

onHcaHHOH Bbiuie octphhhoh CTpyicrypbi. KoMno3HUHOHHyio nnacTHHy Moiyr 
H3roTaariHBaTb nyreM cnjiaBJiemw ruiacTHH h/mjih MexaHHnecKoro h/hjih XHMHHecicoro 
yuajieHRH OTflenbHbix nacTefi ruiacTHH c coxpatieHHeM tohkhx cjioeB 3aaaHHbix tojiiuhh, 
npHMeM no KpafiHefi Mepe ojj.hh npoBozwiuHfi cjioh h/hjih no KpafiHefi Mepe qohh 
HenpoBOAfliuHH anofi KOMno3HUHOHHOH ruiacTHHbi noJiynaKST HaHeceHHeM MaTepnana h/hjih 
MaTepnajioB. ,Zlo cruiaBJieHMa h/hjih MOK^y sTanaMH cnjiaaneHHfl h/hjih nocjie cruiaBJieHHH 
no KpaflHefi Ha ojihom npoBooHiiieM cjioe Moryr 6bm> ccpopMHpoBaHbi ajieicipoflbi c 

KOHTaKTHblMH BblBOflaMH H/HJIH MeXaHHKO-3JieKTpHHeCKyiO CTpyKTypy, JVISI CHCTeM 

KOHTpojw h/hjih ynpaBJieHHH, paBHO Kan h no HEHeceHHH h/hjih Meayry 3TanaMH HaHeceHRH 
h/hjih nocjie HaHeceHHH MaTepnajia h/hjih MaTepnanoB no KpaHHefi Mepe Ha oahom 
npoBOA^meM cjioe Moryr 6brn> c<|>opMHpoBaHbi 3jieKTpo,m>i c KOHTaKTHblMH Bbrao/jaMH h/hjih 
MexaHHKO-3JieKTpHHecKyio CTpyKTypy, ana chctcm kohtpojw h/hjih ynpaBJiemw. 
npejuiaraerca xaioKe cnoco6, b KoropoM no KpaHHefi Mepe ohhh npoBoaaumfi cjioh h/hjih 
no KpafiKefi Mepe cjj.kk HenpcsoflsmKK cjick mojkct 5biTb KcnojiisoBaH npn hsfotobjickhh 
KaHTHJieBepa kbk TexHOJiorHiecKHe cron-cjiOH. 

KPATKOE OITHCAHHE HEPTE5KEH 

C>Hr. 1. BapnaHT KirrerpauHH chctcm kohtpojw h ynpaBJieHHS, npejinoxceHHMH [1], 
80 - KaHTHJteBep; 81 - HaKOHenHHK 6apbepa b Bnae «jic3bhjj HO»ca»; 82 - njianpopMa; 83 - npoBojunaaa nacre,; 
84 - npoBOiwmafl Hacn>; 85 - nbe3ope3Hcrop. 

Our, 2. MHoro30HnoBufi «MHKpo-myn», npejuioxeHHbiii [3]. 1 - MHoro30nuoBbifi mhit; 2 - MaTpHua 
30HSOB; 3 - MyjitTHnjieKcopu; 4 - onepaiiHOHHbie ycHJiHTe™. 

<I>Hr. 3. KaHTHJieBep c 30hjiom hmckjiuhm yroji no oTHouieHHio k no/xnoacKe . 1 - /jepwarejib; 2 - jieBep; 
3 - ocb ocrpna; 4 - HHJKHee 3bcho ocrpnji; 5 - nepBan cryneHb; 
6 - BTopoc 3bcho ocrpiuj; 7 - BTopas cryneHb; 8 - Tperbe 3BeHO ocrpHa. 

<DHr. 4.a, b, c, d. Jlpouecc MOHOKpHcrajiJiiraecKoro pocra BHCKepa He snirraKCHajibHoro noujioacKe 
a - Merajui-pacTBopHTejib, b - nepBaa craana pocra; c - BtipaBHHBaHHe pocra; d - dMHaji pocra 

1 yrjry6jieHHe; 2 - MeTajin-pacTBOpMrejib; 3 - napa3HTbi; 4 - noBepxHocrb noanoxcKH; 5 - BHCKep; 6 -no/jjioJKica. 

Om\ 5. BapHam- HHTerpauHH chctcm kohtpojw h ynpaBJieHHA cornacHO HacroxiueMy H3o6pereHHio. 1 
- BHCKepHbifi 30Ha; 2 - 3Jieicrpoji CHcreMbi nojjaBjieHMsi HepcjoHaHCHtix KOJieoaHHf), chctcmu kohtpoju 

OTKJIOHCHHil H CHCTCMbl npHHyjIHTeJIbHOrO OTKJIOHeHH* JieBepa; 3 -JieBep, BKinOJIHeHHblfl H3 KpeMHHCBOfi 

ruiacTHHbi, opHeHTHpoBanHOi} Bjiojib KpHcrajiJiorpad^HHecKOH opHeirrauHH <111>; 5 - sjieKxpan, ruxsaiH 
pe30HEHCHbix mojj. K0jie6aHHft Ha Jiesep. 

OHr. 6 a, b, c. BapHaHTbi peanmauHH Hacroautero H3o6pcreHHfl. 1 - 3JieKrpofl chctcmu nojxaBJieHHs 
HepcjoHaHCHbix KOJie6aHHH, chctcmu KompojiH OTKJiOHeHHfl h CHCTeM ij npHHyjiHTCJibHoro OTKJiOHeHHs JieBepa; 

2 -JieBep, BbrnojiHeHHbiil H3 KpeMHHeBofi ruiacTHHbi, opHeHTHpoBaHHofl auojib KpHcrajiJiorpa4)HHecKOH 
opHCHTaitHH <111>; 3 —JieBep, BunojiHeHHutt H3 KpeMHHeBofl njiacraHbi, opHeHTHpoBaHHOfl aaoju, 
KpHcrajuiorpa(})HHecKofi opHeHTauHH <1! 1>; 4,5 - HenpoBOiwmHe pa3jiejiHTejibHbie cjioh; 6 - 30rzj.. 

HAHJiyHllIHfl CriOCOE PEAJIH3AUHH H30BPETEHMJI 
THnHHHbiM npHMepoM ocTpHHHbix CTpyKTyp, npe^naraeMbiM HacroauiHM 
H3o6peTeHHeM flBJiaeTCfl MHorocTyneHHaTaa cTpyiaypa, BbinojiHeHHaa Ha noAnoxoce 
KpeMHRfl c KpHCTajiJiorpa4)HMecKofi opneHTauHefi <1 1 1>, KOTopaj? b cbokj onepeAb smnncrrcsi 
jieBepoM Ha flepacaTejie, BbinojiHeHHOM H3 KpeMHHa c KpHCTajuiorpa^HMecKofi opHeHTaixHefi 
<100>. B 3T0H CTpyioype Phc. 3 nepBoe (ocHOBaHHe) 3BeHO ocTpHfl, BbinojiHeHHoe H3 
HHreBHAHoro snnxaKCHajibHO BbipameHHoro ocTpiM (BHCKepa), pacnojioxceHO noflyrnoM 13° 
k noBepxHOCTH noflj]o>KKH. Cjierryiouj.ee 3BeHO -snHTaKCHanbHbifi BHCKep, aBJiaeTCJi 6ojiee 
y3K0ft HacTbK), HencejiH ocHOBaHHe. ^ajiee cnejsyerr eme 6onee y3Kaa nacn,. Taxicaa 
CTpyKTypa no3BOJineT HccjieaoBan. y3KHe rjiy6oKHe mejin, He aocrynHbie hjiji HCCJiejjOBaHHH 

C nOMOIUblO TpaaHUHOHHblX OCTpHH. 

B03MOJKHOCTb BbipaiUHBaTb MeTOflOM WKK HHTeBH^Hbie KpHCTaJUIbl - BHCKepbl Ha 

jno6bix noiuioxacax HBJuieTCJi oneHb BaJKHbiM sjieMeHTOM MHKpo- h HaHO-3JieKrpoHHKH. 
OAHaxo cepbe3HbiM ee HeflocTancoM xKnaercn TpeGoBaHHe k nojxnoxcKe, a TOHHee k 



5 

KpHCTaruiorpa^HMecKOH opHeirrauHH MaxepHana nojuiojKKH, mto b cbokd onepejib cpa3y 
orpaHHHHBaeT B03M05KHOCTb Hcnojit30BaTb He KpHCTaJuiHMecKHe (aMop(J)Hbie) cTpyioypbi. B 
HacToameM H3o6peTeHHH pemaeTca 3tot npHHUHnnaJibHbiH Bonpoc t@m, wto cneuHanbHbiMH 
MeroflaMH JiHTorpadwH h rjiy6HHHoro TpaBJieHHS co3flaerca flocraTOHHO nporaiceHHoe 
yrjiy6jieHHe b nojjJioHoce, HanpHMep b djopMe unnHHupa, Ha jiho KOToporo 3aTCM 
noMemaercs MeTajui-pacTBopHTejib. TaKyio CHcreMy noMemaioT b peaicrop ana 
3iiHTaKCHajibHoro pocTa BHCKepa h ocyiuecTBJiaioT pocT no Memoy IDKK. Tlpn 3tom b 
npouecce pocTa b pacnnaBe MeTana - pacrBopHTejia h ocaacaaeMoro MaTepnajia co3flaioTC« 

3apOAbIUIH MOHOKpHCTajUia, Ka»CflbIH H3 KOTOpblX Ha HanaJIbHOH CTaflHH HMeeT npHMepHO 

paBHbie ycjiOBHa KpoMe ojjHoro: kto nojiynaeT nHTaHHe, ocaacaaiomerocH H3 napo-ra30BOH 
CMecH, - 3aponbiiua Ha caMOH BepuiHHe KaruiH MeTanjia — pacTBopirrejia, KOTopbiH nojiynaeT 
HaH6ojiee oGanbHoe nHTaHHe. KpoMe Toro, b pe3ynbTare pocrra Bflojib /JiocTaTOHHo 
npoTHMceHHoro «KOJiOflua» ycnoBHa mm pocTa MOHOKpHcrajuia H3 3apo;jbiiiieH, hmcbiuhx 
HeBepTHKaiibHyio cocTaBJunonr/K) pocra yxyzunaeTCfl, hto npHBO/jHT k jjocTwiceHHio 
HCKOMoro HanpaBJieHHA pocra Phc 4 a, b, c, d.. 

KaHTHJieBep C HHTerpHpOBaHHblMH CHCTeMaMH KOHTpOJM, HHAHKaUHH OTKJIOHeHHH, 

npHHy^HTejibHoro oTBOja/noflBoaa jieBepa OTHOCHTejibHO HCCJie/ryeMOH noBepxHOCTH, a 
TaKJKe noflane pe30HaHCHbix KOJie6aHHH jwa pa6oTbi b "taping mode" H3o6paxceH Ha Phc 5. 
Sjiejcrpoa 4, pacnojioxceHHbiH BflOJib HeGojibiuoH HanaribHOH Hacra JieBepa, HMeer 

HeSOJIbUIOH BaKyyMHblH 3a30p, KOTOpblH 3anOJlHfleTCS IinaCTHHHblM K0Mn03HU.H0HHbIM 

MaTepHanoM. 3tot MaTepHan no3BOJiaeT coxpaHHTb 3JieicrpoMexaHHHecKHe CBoficTBa TaKofi 
CHCTeMbi nocTOHHHbiMH. Ejiaroaapa no/iane Ha yica3aHHbiH sjieicrpofl 4 nepeMeHHoro 
HanpaaceHH* c HacTOTofi npHMepHO 100 kTu mojkho B036yflHTb pe30HaHCHbie MOAyjiau.HH 
JieBepa 6e3 Heo6xojjHMOCTH nojjaMH MexaHHiecicoro KOJie6aHHH Ha aepMcaTejib 
CKaHHpyromero npH6opa. B paccMaTpHBaeMOM npHMepe ajieicrpo/j. 2 co/iepjKHT cpa3y Tpn 
cpe^cTBa KOHTpojifl 3a noBe^eHHeM JieBepa: sjieicrpocTaTHHecKyio CHCTCMy 
npHHyAHTejibHoro OTKJiOHeHiui E 2 , CHCTeMy hhj3,hk3uhh oncnoHeHRa E3 ( nepe3 H3MepeHHe 
H3MeHeHHH eMKOCTH Meacjry JieBepoM h sjieKTponoM 2) h CHCTeMy noflaaneHHa 
Hepe30HaHCHbix (no6o*mbix KOJie6aHHH, B03HHKaiomHX npn Bbixoae H3 KOHTaicra 30Hjja c 
noBepxHOCTbio, Koiopoe 6buio Bbi3BaHo cmiaMH aare3HH) KOJie6aHHH E 4 . nocjicmuui 
CHcreMa .aeHCTByer no npHHunny orpHuaTejibHOH o6paTHOH cbs3h. PaccTosHHe Meayry 
JieBepoM h aneKTpoflOM 2 Bbi6HpaioTC« H3 pacnera Toro, MTo6bi sjieierpHHecicHe cmibi 

CHCTeMbi HHAHKaUHH OTKJIOHeHHH H CHCTeMbi nOflaBJieHHfl Hepe30HaHCHbIX KOJie6aHHH 6bUIH 

3HaHHTejibHO MeHbiue chji MejKaTOMHoro B3aHM0fleiicTBHa Ban-Jjep-BaaJibca. 

HHTerpaU.HH HeCKOJIbKHX CHCTeM KOHTpOJIH B 0/4HOM HeCJIOJKHOM yCTpOHCTBe, KaK 

npejuiaraeTca b HacToameM H3o6peTeHHH no3BOJiaeT Hcnojib30BaTb Taicoe ycTpoficTBO b 
peaame MynbTHJieBepHoro cicaHHpoBaHHa cmibHO pa3BHT0H noBepxHOCTH, juix nero 
Hcnojib3yercfl MyjibTHJieBep Phc 6a. B HacroameM H3o6pereHHH Hcnojib3yeTca 
3JieKTpocTaTH x iecKaa (E 2 ) noaaMa/oTBOfl JieBepa. JJjm ynpomeHHa H3roTOBJiemiH 
MyjibmneBepa b HacToameM H3o6pereHHH npe^ycMOTpeHa B03MO>KHOCTb pa3MeiuaTb 
HecKOJibKO JieBepoB BJjojib oflHoro ajieiopofla chctcm kohtpojih Phc 6b. JSjih Toro, Hro6bi 
pa3JiHHaTb CHmajibi, nocTynaiomHe Ha bxojj CHCTeMbi HHjiHKauHH otkjiohchhs JieBepoB 
jjocTaTOHHO noaaTb pa3JiHMHbie MacTOTbi Ha napu <cneBep - ajieiapofl 2». HacToauiHM 
H3o6peTeHHeM npeaycMOTpeHa B03M0»cH0CTb OTCJie^HBaTb BpaiuaTejibHbie moju>i JieBepa 
OTHOCHTejibHO npo^ojibHOH och, fljifl Hero npe/jjiaraeTCfl KOHcrpyKiuM Ha Phc 6c 
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OOPMYJIA H3QEPETEHCW 

1. OcrpHHHaa CTpyioypa, BKjnonaiomasi nojyiojKKy h MOHOKpHcraiuiHHecKoe 

OCTpHe, 

QT^HHaromaHCH TeM, hto 

ocb ocTpHH HMeer yroJi no OTHOiueHioo k BepTHKanH, npoxoflamefi 
nepe3 ero ocHOBaHHe. 

2. OcTpHHHaa CTpyicrypa no n.l, OTJiHnaiomaHCH TeM, hto no/woHOca flBJiaeTca 

MOHOKpHCTaJUIHHeCKOH, a OCTpHe 3nHTaKCHaJIbHO k Heft. 

3. OcTpHHHaa cipyioypa no JiioooMy H3 n.n.l h 2 , OTJiHiaioiiiaflCH reM, hto 
nofl^oacKOfi aBJwerca iuiockoh noBepxHocrbio rhh MOHOKpHcrajiJiHHecKoe ocrrpHe, 
3nHTaKCnajibHoe ruiocKOfi MOHOKpHcranjiHHecKOH noBepxHocro. 

4. OcTpHHHaa crpyKTypa no jiK>6oMy H3 n.n. 1-3, OTJiaiaiomaHCH TeM, hto oflHa 
TOHKa noflno>KKH x&ruieTcx ocHOBaHHeM no KpaHHefi Mepe zyiH zmyx ocrpHH. 

5. OcTpHHHas CTpyicrypa no ™k)6om>' K3 n.n. 1-4, oTjiBnaiomaHcsi TeM, hto ocTpHe 
HMeer (popMy, coaep»caiuyio no KpafiHefi Mepe o/wy cryneHb h /u»a 3BeHa, npnneM ocb 
Kaayioro nocnejryiomero 3BeHa MOHcer HMeTb cboh yroJi no OTHouieHmo k och 
npefliiiecTByiomero 3BeHa, npnneM xota 6w oijHa H3 CTyneHefi mojkct jiBJurrbCJi ocHOBaHHeM 
no KpaHHeft Mepe ana myx 3BeHbeB, npH 3tom no KpafiHeH Mepe ohho m hhx mojkct 6biTb 
He snirraKCHajibHO npeauiecTByiomeMy. 

6. Cnoco6 co3flaHHK ocrpHHHOH cTpyKTypu nyreM HanpaBJieHHoro BbipamHBaHHfl 
ocTpHH no MexaHH3My nap-^GiaKocTb-KpHCTajm Ha noAnojKKe npH oca>KaeHHH H3 napo- 
ra30Boi5 h/hjih ra30BOH CMecn c Hcnojib30BaHHeM no KpaHHefi Mepe o/iHoro MeTaJUia- 
pacTBopHTejw 

OTJlHiaHMUHHCH TCM, HTO 

BbipauiHBaioT ocTpHHHyio cTpyicrypy b Buae ocTpiw tsk, hto ocb 
ocTpHfl HMeer yroji no othouichhio k BepTmcajiH, npoxojmmeH 
nepe3 ero ocHOBaHHe. 

7. Cnoco6 no n. 6, OTJiHiaiouuiHCfl tcm, hto b KanecTBe nojyiojKKH Hcnojib3yK>T 

MOHOKpHCTaJUIHHeCKOe OCTpHe, 3nHTaKCHaJlbHOe IUIOCKOH MOHOKpHCTaJIJIHHeCKOfi 

noBepxHOCTH hjih MOHOKpHCTaiiJiHHecKyio nnacTHHy, onpeaejieHHo opHeHTHpoBaHHyio no 
KpHCTanjiorpa4>HHecKOH ruiocKOCTH, no3BOJunomyio nonyneHne octphhhoh CTpyicrypbi b 
BHue ocTpHfl, anHTaKCHajibHoro stoh nnacTHHe h nofl yrnoM k ee noBepxHOCTH 

8. Cnoco6 no jiK>6oMy H3 n. 6 h n. 7, oTJiHiaioimiHCfl tcm, hto nyreM H3MeHeHHfl 
TeMnepaTypbi BbipamHBaHHfl h/hjih H3MeHeH(u KOHueHTpauHH coeAHHeHHH b napo-ra30Bofi 
h/hjih ra30BOH CMecn h/hjih naBJieHmi napo-ra30BOH CMecn hjih moBOH cMecH h/hjih nyreM 
AoGa&neHHJi no KpaHHefi Mepe oflHoro HHoro MeTaJUia-pacTBopHTeJM h/hjih ero HcnapeHiu 
co3flaK)T ocTpHHHyio crpyicrypy corjiacHO n.n. 1-5. 

9. Cnoco6 no Jiio6oMy H3 6-8, OTjiHHaioiHHHCH TeM, hto nocjie BbipamHBaHiu 
npoBOJW JiH4)4>y3HK) b MaTepHaji octphhhoh crpyKTypbi no KpaHHefi Mepe oflHoro 
XHMHHecKoro sjieMeHTa c coxpaHe hhcm CTpyicrypbi no KpaftHeit Mepe oflHoro MeTajuia- 

paCTBOpHTeJM. 

10. Cnoco6 no Jiio6oMy H3 n.n. 6-9, oTJiHiaiomHHCfl tcm, hto nocjie nojiyHeHHJi 
octphhhoh CTpyKTypbi ee norpyacaioT b aMop<pHbifi MarepHaji, nocjie 3aTBepjj,eHHa Koroporo 
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nojiyneHHyio crpyicrypy uuiH<}>yK>T BMecre c no KpaimeH Mepe ojmoh BepuiHHoB octphhhoh 
CTpyKrypw ao nojiyneHHa imocKoft noBepxHocra, nocjie nero aMop^Hbiii MarepHan Moacer 
6brn> BbrrpaBJieH. 

11. Cnoco6 no Jiio6oMy H3 n.n. 6-10, OTJiHHaiomHHCH TeM, hto Ha bck> 
noBepxHocn> ocyiuecTBJiaiOT HanwjieHHe no KpaimeH Mepe oflHoro XHMHHecKoro ajieMewra. 

12. Cnoco6 no n. 11, OTJiunaioiuHHCH TeM, hto ir/reM CTpaBJiHBaHHa 

flH4><J)y3HOHHOrO CJIOH C nOBepXHOCTH OCTpHiiHOH CTpyiOypbl HJIH BblTpaBJIHBaHHJI 

aMop4)Horo cjioh yaajwiOT nacrb HanbuieHHoro XHMHHecKoro 3JieMeirra c ero coxpaHeHHeM 
no KpafiHefl Mepe Ha oahoh BepuiHHe. 

13. Cnoco6 no Jiio6oMy H3 n.n. 9-12, OTJiHHaromHHcn TeM, hto no KpaimeH Mepe 
ozma H3 npoueayp, onncaHHbix b n.n. 8-12, Hcnojib3yioT no KpaimeH Mepe eme o,hhh pa3. 

14 • KaHTHJieBep juih cKaHHpyiomero npn6opa, co^epacamHfi: 

no KpaimeH Mepe flBa Hepe/r/iomHXCH nJiocKonapajinejibHbix cjioh npoBOAHumx 
MaTepHajioB, pa3fleneHHbix HenpoBOjwmHMH cjiohmh; 

no Kpaimeii Mepe azmy H3rH6aioiiryK)CH nacTb - neBep, BbinojmeHHbiH H3 nepBoro 
npoBOAaiiiero cjioh; 301m, pacnojioaceHHbiH Ha JieBepe; 

no Kpaimeii Mepe ojnm aneicrpofl - Hacn> BToporo npoBojyimero cjioh, 
pacnojioxceHHaa BflOJib JieBepa c npoTHBonojioacHOH OTHOCHTejibHO 30Hfla cropoHbi, 
h 3a3op Me«ay JieBepoM h ajieicrpoAOM, 

OTJIHHaiOmHHCH TeM, HTO 

3^eiapofl coflepacHT cpeACTBO juih no^aBJieHHa Hepe30HaHCHbix 
KOJieGaHHH JieBepa, HBJiaiomeecH CHcreMOH c o6paTHOH CBH3bK>. 

15. KaHTHJieBep no n. 14, oTJiunaromHucH TeM, hto 30hjq, BbinojiHeH b Bime 
octphhhoh CTpyicrypbi corjiacHO n.n. 1-5. 

16. KaHTnneBep no JiK»6oMy H3 n. 14 h n. 15, OTiranaioiuHHCsi TeM, hto ajieicrpofl 
TaioKe coflepKHT cpeacreo KOHTpojw oncnoHeHHH jieBepa h/hjih cpeflcrao npHHyflHTejibHoro 
oncnoHeHHH JieBepa ot nepBOHanajibHoro ero nojioaceHKH h/hjih cpe/icTBo MO/ryjummi 
pe30HaHCHbix KOJie6aHHH jieBepa. 

17. KaHTHJieBep no Jiio6oMy H3 n.n. 14-16, OTJiHHaiomHHCH TeM, hto c 
npoTHBonojioacHOH ot nepBoro ajieicrpofla CTopoHbi JieBepa pacnonoaceH BTopoii aneicrpofl, 
BbinojiHeHHbm H3 flonojiHHTenbHoro npoBoaamero cjioh h coaepacamHH cpejiCTBo kohtpojm 
OTKJioHeHHH JieBepa h/hjih cpeacTBO npHHyAHTenbHoro oncnoHeHHa JieBepa ot 
nepBOHanajibHoro ero noJioaceHHH h/hjih cpeacTBO MO/ryjiHUHH pe30HaHCHbix Kone6aHHfi 
jieBepa h/hjih cpeacTBo ana no,aaBJieHHH He pe30HaHCHbix K0Jie6aHHH JieBepa, HBJiaiomeecH 

CHCTCMOH C o6paTHOH CBH3bK>. 

18. KaHTHJieBep no jiK>6oMy H3 n.n. 14-17, OTJiHHaiomHHCH TeM, hto Memory 
JieBepoM h no KpaHHeii Mepe oahhm ajieierpoflOM HMeerca BaicyyMHbiH 3a3op, npmeM 3tot 
3a30p Moacer 6brrb 3anojiHeH hchukhm hjih iuiacTHHHbiM MaTepHanoM, no3BOJiHK>mHM 
B3SHMHoe cMemeHHe JieBepa h 3Jieicrpo,aa jipyr OTHOCHTejibHO apyra. 

19. KaHTHJieBep no jno6oMy H3 n.n. 14-18, OTJiHHaiomHHCH TeM, hto jieBep HMeer 
II- o6pa3HyK> h/hjih V-o6pa3Hyio <J)opMy h/hjih npoaojibHyio nojiocrb, h o6pa30BaHHbie 
TaKHM o6pa30M nneHH JieBepa, pa3fleJieHHbie npoAOJibHofi o6jiacrbio, Moryr HMerb 
jierHpoBaHHbie cjioh npOBOJMMOCTH THna n, n\ p, p* 
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20. KaimuieBep no moSoMy H3 n.n. 14-19, OTJieqaiovHHca TeM, hto JieBep HMeer 
m>e3ope3HCTHBHBiii cjioii h/hjih nonynpoBOAHHKOByio njiemcy, jierapoBaHHyio ao ypoBna p++. 

21 . KaHTHJieBep no Jiio6oMy H3 n.n. 19-20, OTjiHHaiom.HHCfl tcm, hto iineHH jieBepa 

JHUlfllOTCfl COOTBSTCTBeHHO CTOKOM H HCTOKOM CHCTCMH KOHTpOJW OTKJlOHeHHH KaHTHJieBepa, 

npn 3tom ohh pa3flejieHW yHacncoM JieBepa c hhoh npoBOjWMOCTbio, npH stom oahh H3 
sjieiopoflOB BbinojnweT <|>yHKUHK) saTBopa, jnjjuwcb cpeflcraoM kohtpojw. 

22. Cnoco6 H3roTOBJieHHa KaHTHJieBepa njw cKaHHpyiomHX npH6opoB, 
BicnioHaioiuHH: 

co3flaHHe KOMno3HitHOHHOH njiacTHHW, cocToameii no KpafiHefi Mepe H3 flByx 
Mepe^yioumxca iuiocKonapanjiejibHbix cJioeB npoBojyimHX MarepHanoB, pa3flejieHHbix 
HenpoBojwmHMH cjiojimh; 

4>opMHpoBaHHe H3 nepBoro npoBOJwmero cjioh no KpaftHefi Mepe oflHoro JieBepa h 
co3A&HHa Ha jieBepe 3oima, 

OTJiHiawmnficg tcm. hto 

H3 BToporo npoBOflsmero cnoa (popMHpyioT aneKTpon. 

pacnO^OSKeKKblH BflOJIb JieBepa C npOTHBOnOJIOHCHOH OTHOCHTeJIbHO 
30Hfla CTOpOHbl. 

23. Cnoco6 no n. 22, OTjiHHaiomHHCfl tcm, hto 30ha BbinojmaioT b BRae octphhhoh 
cTpyKiypbi corciacHO n.n. 1-5. 





Phc. 3. 



Bsc. 6b. 




MyJIbTHJEEBEP JJJUl CKAHHPYIOIIJErO ITPHEOPA, 
CnOCOB ETO CCBflAHHfl 
H 

YCTPOftCTBO HA ETO OCHOBE 

rHBapnooB E.H., nnapnooB M.E. 

PEOEPAT 



B HacTOKmeM H3o6peTeHHH npewiaraercfl paimoHajiBHaa KOHCTpyioiHH 
MyjiEraneBepa h Heaoporoii cnocoS ero co3flaHira. 

npe,zuio»ceHHua cnoco6 co3,zjaHiw MyntTHJieBepoB iio3bojiht boimothti. 
MHonie 4>yHKitHOHajn>HMe HueH b KOHCTpyicraBHoe Hcnojmeime. 

TaiOKe b HacroameM H3o6pereHHH npefljiaraeTca ycrpOHCTBO, npHmmn 
aeficTBiM KOToporo no3BOJiseT MaKCHMajibHO ynpocraTb KOHCTpyKmno 
MyjitTHJieBepa. 



